Abstract This paper compares the results of two preparation routes for the production of carbon (Vulcan XC 72R) modified with vanadium nanostructured electrocatalysts for hydrogen peroxide (H 2 O 2 ) electrogeneration using the following mass proportions of vanadium on carbon (V/C): 1, 3, 5, 7, 10, and 13%. Best results for H 2 O 2 electrogeneration were obtained using a V/C sol-gel method (SGM) with 3%, highest ring currents. For oxygen reduction reaction (ORR), using the V/C SGM with 3% and V/C polymeric precursor method (PPM) with 7%, the results of ring currents measured are very high when compared to Vulcan XC 72R. X-ray diffraction (XRD) analysis mainly showed the V 2 O 5 phase. X-ray photoelectron spectroscopy (XPS) results of the V/C PPM 7% and V/C SGM 3% samples highlight the predominance of the V 2 O 5 phase and, for the latter catalyst, a more oxidized carbon surface. For the most promising electrocatalysts, the contact angle was evaluated, showing that the anchoring of the metal in the carbon surface increases the hydrophilicity of the materials. The prepared materials are promising for peroxide electrogeneration mainly due to the synergetic effect of vanadium oxide nanoparticles and acid oxygen species of the carbon, contributing to enhancing catalyst hydrophilicity.
Introduction
Regulations for the use of new chemicals that cause serious damage to the environment even at low concentrations are critical [1] [2] [3] [4] [5] . In addition to the contamination of living beings through direct contact with these compounds, the action of rain intensified by leaching effects [6] leads to the contamination of soil, rivers, and groundwater and, consequently, to all of the fauna and flora of the ecosystem. Due to the serious impacts caused by inadequate management, treatment of toxic industrial wastewater is an issue of great interest and has been the focus of a number of studies [7] [8] [9] [10] [11] .
One important approach of remediation is based on advanced oxidative processes (AOPs), which are clean, non-selective, and able to degrade a number of hazardous compounds by the generation of highly oxidizing hydroxyl radicals (·OH), which can occur through the following processes [1, 2, [8] [9] [10] [11] : (i) reactions with a semiconductor particle, such as titanium dioxide (TiO 2 ); (ii) reactions involving ozone (O 3 ); (iii) the use of hydrogen peroxide (H 2 O 2 ); (iv) the combination of hydrogen peroxide with ultraviolet irradiation; (v) Fenton reactions, where the decomposition of hydrogen peroxide to the hydroxyl radical is achieved using Fe 2+ as a catalyst; (vi) the photo-Fenton process, which combines the Fenton processes with ultraviolet irradiation; and (vii) solar photoelectron-Fenton process.
The hydroxyl radical interacts with organic ecules, resulting in the formation of organic radicals that, in turn, react with oxygen, giving rise to a number of degradation reactions in the final step of producing carbon dioxide, water, and some elements such as S, Cl, P, S, and N, and some inorganic compounds are formed, for example SO 2 , SO 3 , and NO [12] [13] [14] [15] [16] [17] [18] .
Hydrogen peroxide is one of the products of the oxygen reduction reaction (ORR), which includes some elementary steps in the reaction mechanism, and it can be used for the electrogeneration of the hydroxyl radical. Thus, for obtaining hydrogen peroxide in dilute acid, the ORR occurs by the transference of two electrons, and it is described following the equation below [18] [19] [20] [21] [22] [23] :
In alkaline solution, the reaction is described in the following equation:
Equations (1) and (2) represent the hydroxide peroxide formation mechanism via two electrons, which are the steps of interest in the oxygen reduction process. However, oxygen reduction is a complex process because the reaction can occur according to Eqs. (1) and (2) or via the four-electron mechanism, in which the final product is water. The material used as an electrocatalyst determines the preferred pathway, wherein the carbon is taken as the reference material for hydrogen peroxide electrogeneration, which is of great interest in the degradation of organic pollutants [18] [19] [20] [21] [22] [23] .
Regarding the choice of the electrocatalysts, nanostructured materials (NMs) have showed promise for this purpose [9, 24] , as they exhibit the following important properties: dispersion, quantum confinement effects, high surface area, and favorable chemical and structural characteristics, such as active sites and accessibility of the pore systems [24] [25] [26] .
Among the main methods of thermal decomposition to produce NMs, one can point out the polymeric precursor method (PPM) [27] [28] [29] [30] [31] and the sol-gel method (SGM) [31] [32] [33] .
Black carbon is used as a support for metal or metal oxide catalysts, such as vanadium oxide studied here. The use of this particular support is due to factors such as the sufficiently large and accessible surface area for maximum dispersion of crystallites, pore size, pore distribution, and the presence of suitable functional groups on the surface, which can be modified by covalently bonded organic functional groups or polymers [34, 35] . The grafting of surface groups or polymer chains changes the physicochemical properties of the particles, such as the dispensability, viscosity of the carbon suspension, and the surface energy, among others [35] . Due to the presence of oxygenated functional groups and the aromatic condensed rings on the surface of black carbon, it can act as a radical scavenger, significantly influencing the radical fixation or peroxide decomposition [36, 37] .
In this context, it is well known that the addition of transition metals on carbon [19] [20] [21] [22] [23] [38] [39] [40] [41] increases its activity for the generation of H 2 O 2 [30, 42, 43] . This activity depends on the type of oxygen adsorption on the metal surface supported on carbon. Three models can occur simultaneously on the surface of the electrocatalyst. In the Griffiths model (sideon), the oxygen ecule interacts laterally and leads to a strong interaction with the catalyst to the dissociation of the oxygen ecule, producing water. In the Pauling model (end-on), the oxygen ecule interacts with the electrocatalyst, even though this interaction does not break the oxygen-oxygen bond, favoring the formation of hydrogen peroxide as a final product. In the Bridge model, there is also a lateral interaction with the oxygen ecule; in contrast, colon adsorption occurs with the subsequent disruption of the bond between oxygen atoms, and water is the final product [44] .
In the search for novel electrocatalyst systems used in ORR, the use of vanadium supported on black carbon produced for the PPM and SGM was chosen in this work [45, 46] . The mineral is very abundant in Brazil (Maracás mine, Bahia) and can be produced at reduced extracting costs [47] .
Vanadium and related compounds have been studied and proved to have favorable properties regarding H 2 O 2 electrogeneration [45, 46] . The most stable compound of V 2 O 5 has been shown to be very promising due to its interesting physical and chemical properties; the most beneficial properties include its stability, acidity, structure, and formation of layers that behave as a single-phase system due to the strong interactions at the oxide-water interface. Another important property is vanadium's incomplete d orbital, which favors the formation of V 2 O 5 ; the oxide possesses spaces between its connections, suggesting the increased adsorption of oxygen into its cavities, in a reversible manner according to the Pauling model, which promotes the reactions on the chemical surface [28, 45, 48, 49] . This suggests that in the formation of the vanadyl radical, several V 2 O 5 ecules bind together, which increases the number of defects and contributes to oxygen adsorption [45] . It is also sensitive to the pH of the environment, similar to many catalytic reactions and electrochemical sensors. V 2 O 5 can be produced in nanostructured form either by thermal evaporation or by the SGM. The latter method is widely used due to its simplicity and low synthesis temperature [49] .
Therefore, vanadium oxide-based electrocatalysts supported on the carbon surface are considered very promising for use in AOPs, coupled with electrochemical methods for the treatment of organic water pollutants, as well as in the treatment of wastewater by fostering interest in microscale production of H 2 O 2 . Considering that no studies have considered vanadium on carbon (V/C) nanostructures prepared by both methods (PPM and SGM) and the quantity of reagents utilized in a previous study was different [46] , this work will compare the influence of the preparation method on carbon modification using different vanadium ratios for peroxide electrogeneration electrocatalysts.
Experimental Procedure
The V/C nanostructured electrocatalysts were prepared by two methods, PPM and SGM. The proportions of mass for metallic vanadium supported on carbon Vulcan XC 72R (Cabot Co.) in both methods were 1, 3, 5, 7, 10, and 13%.
Preparation of the Electrocatalysts

Polymeric Precursor Method
The electrocatalysts were prepared based on the method described by De Souza et al. [29, 50] , which is related to the proportion of the reactants used to form the polymer network and uses 1 e of metallic vanadium (used VCl 3 , 97%, SigmaAldrich) for every 25 e of monohydrate citric acid (>99.0%, Sigma-Aldrich) and 200 e of ethylene glycol (>99.0%, Synth), i.e., a ratio of 1:25:200. Citric acid and ethylene glycol were mixed and used to form a polymeric network, which assists in the synthesis of the carbon and the metal under study, which, in this case, is vanadium. This mixture was held under agitation at a controlled temperature (60°C). Vanadium is added as vanadium(III) chloride, maintaining both the heating at 60°C and stirring for 20 min. Subsequently, 0.5 g of Vulcan XC 72R carbon was added and stirred in solution for 20 min without heating. The masses for vanadium in the samples are those ones for 1, 3, 5, 7, 10, and 13% compared to carbon. The prepared materials were introduced into a furnace at a temperature of 400°C for at least 2 h under a N 2 atmosphere for calcination.
Sol-Gel Method
The electrocatalysts were prepared according to an adapted method of Santos et al. [51] and Suffredini et al. [52] using glacial acetic acid (>99.7%, Synth) together with isopropyl alcohol (>99.5%, Synth) to form a sol-gel resin with a proportion of 20:30, respectively, per gram of carbon. Sequentially, vanadium(III) chloride was added and, finally, 0.5 g of Vulcan XC 72R carbon was used to homogenize the resin in an ultrasound bath for 30 min after each addition. The masses for vanadium in the samples are those ones for 1, 3, 5, 7, 10, and 13% compared to carbon. Subsequently, the sample was introduced into the furnace at a temperature of 400°C for 15 min under a N 2 atmosphere for calcination.
Physical Chemical Characterization
Contact Angle Measurements
The hydrophilicity of the V/C materials of PPM 7%, SGM 3%, and Vulcan XC 72R was studied using contact angle (θ) measurements (PixeLINK ® Camera). According to Fig. 1 , the material is hydrophilic for θ <90°and hydrophobic for θ >90°.
An aliquot of the solution prepared for each sample was placed on a glassy carbon plate and dried by N 2 flow. The glassy carbon plate was prepared with a dispersion device that added 5 μL of water [53] [54] [55] . Immediately after the deposition of water, five measurements were taken, including an initial measurement followed by measurements at 1-min intervals.
X-Ray Diffraction
The V/C was characterized by an X-ray diffraction (XRD) technique using an X-ray diffractometer D8 Focus Bruker AXS with a Cu Kα radiation source (λ = 1.5406 Å), a 0.025°increment (2 s per step) operated in continuous scan mode from 20°to 80°, a voltage of 40 kV, and a 40 mA current. This analysis determined the presence of metal oxides and/or metals on the support surface using EVA software for XRD data analysis.
Transmission Electron Microscopy
The V/C PPM 7% and SGM 3% were characterized using the transmission electron microscope JEM-2100 model (200 kV). For the analysis, a suspension of each electrocatalyst was prepared in isopropyl alcohol (1:10 w/v), where it was homogenized in an ultrasound system for approximately 10 min. Subsequently, a sample aliquot was deposited on a copper grid (3 mm diameter) with a carbon film. These copper grids were placed in the sample holder of the transmission electron microscope.
X-Ray Photoelectron Spectroscopy Measurements
The X-ray photoelectron spectroscopy (XPS) analysis was conducted at a pressure of less than 10 −7 Pa using a commercial spectrometer (UNI-SPECS WHV System). The Al Kα line was used (h = 1486.6 eV), and the analyzer pass energy was set to 10 eV. The inelastic background of the V 2p, C 1s, and O 1s electron core-level spectra was subtracted using Shirley's method. The composition (in %) of the nearsurface region was determined with an accuracy of ±10% from the ratio of the relative peak areas corrected by Scofield's sensitivity factors of the corresponding elements. The spectra were fitted without placing constraints using multiple Voigt profiles. The full width at half maximum (FWHM) varied between 1.2 and 2.1 eV, and the accuracy of the peak positions was ±0.1 eV. 
Electrochemical Experiments
The working electrode was prepared according to an adaptation of the method developed by Paulus et al. [56] , dispersing 5 mg of the electrocatalyst on the carbon support in 5 mL of water. The dispersion was homogenized in an ultrasound bath (Sanders SW2000FI) for 15 min. After homogenization, an aliquot of 20 μL of the solution was placed on a vitreous carbon disc of a rotating ring-disc electrode (RRDE) and dried with N 2 flow. After drying the layer of the electrocatalyst support, 20 μL of diluted Nafion solution in water (1:100 v/v) was added to the layer, which was again dried by N 2 flow. After this preparation, the supporting electrolyte was first deoxygenated with N 2 flow for 20 min and then oxygenated for 30 min with O 2 flow, and the oxygen flow was maintained for the recording of the polarization curves. The curves were obtained by varying the rotation rate of the RRDE between 100 and 3600 rpm (rotor of EDI101 and controlling unit speed of CTV101) and a scan rate of 5 mV s ) electrode was used as auxiliary. Afterward, these materials had their physical characteristics evaluated by XRD, transmission electron microscopy (TEM), XPS, and contact angle measurements, as previously described.
Results and Discussion
X-Ray Diffraction Analysis
The XRD patterns in Fig. 2a, b show broad peaks, indicating that the materials synthesized using the PPM and SGM consist of two distinct amorphous phases, V 2 O 5 (JCPDS 41-1426) and VO 2 (JCPDS 81-2392), respectively. Additionally, it is possible to observe the changes in the carbon diffraction peak (JCPDS 75-1621) when vanadium is present in the structure. According to Tang et al. [57] , when the vanadium concentration is below 10%, the absence of any standard crystalline peaks of vanadium oxide indicates that these vanadium oxide nanoparticles are highly dispersed on the surfaces of carbon, as suggested by the peaks at 2θ of 30°, 34°, and 49°of V 2 O 5 . For both catalysts, the broad overlapping peaks suggest the existence of nanometer particles with amorphous character. Figure 2a shows enlarged peaks identified at 28°, indicative of VO 2 phase intensity with carbon also present, where 2θ = 37°for all vanadium proportions, and narrow peaks at 56°for the sample with 13% vanadium in carbon in Vulcan XC 72R. For V 2 O 5 , the peaks at 26°, 31°, 34°, and 46°showed reduced intensity, suggesting amorphous vanadium oxide phase. The appearance of these XRD peaks is assigned to the vanadium oxide layer formed on the carbon support [46, 57] showing amorphous phase, changing the initial characteristics of the peaks; these characteristics are due to carbon, which shows large peaks at 28°and 36°.
In Fig. 2b for all the catalysts, it is possible to see two enlarged peaks; probably, the phases present are not crystalline as expected for VO 2 at 28°and 37°for all vanadium proportions for the material prepared by the SGM.
Although for V 2 O 5 we suggest the presence of a peak at 26°for the electrocatalyst containing 7% vanadium in Vulcan XC 72R and at 31°, 34°, 46°, and 51°for vanadium at all proportions, with the most intense peak at 34°, these peaks present enlarged features related to amorphous phases. During carbon formation, a characteristic peak at 28° [46] was observed, suggesting the insertion of the vanadium on the surface of Vulcan XC 72R by the SGM modified the carbon surface for all proportions added, with a peak first observed for V/C 7% at 26°, which is a characteristic of V 2 O 5 .
XRD indicates that the main oxide phase of electrocatalysts formed in both preparation methods is probably V 2 O 5 . This oxide has an acidic nature [28, 46, 58] , and the acidic surface shows a higher affinity due to the presence of hydroxyls (OH − ) [46, 59] . This feature could increase the hydrophilicity of the V/C nanostructured electrocatalysts produced by the PPM and SGM, thereby increasing the catalytic activity in ORR [23, 46] and leading to the increased production of electrogenerated H 2 O 2 . 
Transmission Electron Microscopy Characterization
Because the V/C PPM 7% and SGM 3% materials showed the most promising results for peroxide electrogeneration (see results using the rotating ring-disc technique), they were analyzed by TEM. Figure 3 shows some morphological characteristics of vanadium oxide nanoparticles on the carbon surface in the size range between 5 and 20 nm.
A low metallic load is evident in all images, showing areas where we have metal particles anchored onto the carbon support (dots). The nanometric metal dots show a clustering tendency for a PPM 7% material. There are areas with a high carbon support agglomeration on PPM materials, probably due to the heat treatment (the starting resin is more viscous in the case of PPM than in SGM). It is not possible to observe the formation of fringes due to particle size.
XPS Analysis
The composition of the catalysts was derived by the quantitative XPS analysis. As expected, the obtained vanadium atomic percentages were 1.5 and 0.5 at.% for the nominal concentrations of V/C PPM 7% and V/C SGM 3%, respectively. For the catalyst prepared by the SGM, a higher oxygen concentration was detected, indicating more oxygenated groups present on this carbon support. The obtained atomic concentrations were 90.8 at.% C and 7.7 at.% O for the V/C PPM 7% and 88.5 at.% C and 11.0 at.% O for the V/C SGM 3% catalyst. The chemical shifts of the core-level components were due to the functional groups of carbon and the oxidation state of vanadium.
Information on the local bonding structure was obtained by the deconvolution of the carbon (C) 1s, oxygen (O) 1s, and vanadium (V) 2p 3/2 high-resolution core-level spectra shown in Fig. 4 . The low binding energy component of the C 1s spectra, located at 284.5 eV, is related to graphitic carbon. The sub-peak at approximately 285.2 eV was assigned to aliphatic hydrocarbons, mostly sp 3 C, present in the amorphous structure of the nanoparticulated material. The components forming the high-energy tail are related to the C-O, C=O, and O-C=O groups observed at 286.4, 287.7, and 289.3 eV, respectively. The high-binding energy component centered at approximately 291.0 eV is related to photoemission-induced plasmonic π→π* transitions. Based on the intensity of the aromatic C-C component, the latter is a measure of the degree of aromaticity of the carbon structure.
From the C 1s spectra in Fig. 4 , it is evident that the catalyst support of the SGM presents a more oxygenated group than that of the PPM support, which predominantly presents an aromatic carbon structure.
The fitted O 1s core-level spectra are similar for all samples (Fig. 4) . Four components, located at 530.2, 531.8, 532.5, and 533.8 eV, are related to the O-V, -OH − /O=C, O-C, and O-C=O groups, respectively. As expected, for the V/C PPM 7% sample, the proportion of the O-V component scales with the Fig. 3 TEM images of the a-c V/C PPM 7% and d-f V/C SGM 3% electrocatalysts higher vanadium and lower oxygen content. Furthermore, it is interesting to note that for this sample, a higher contribution of vanadium hydroxyl surface groups was found, suggesting a more hydrophilic character of the surface. Alternatively, the analysis of the C 1s spectrum of V/C SGM 3% showed a more oxidized carbon surface, which might favor the catalytic activity of this material.
The V 2p 3/2 spectra confirmed the XRD data, showing that the V 2 O 5 is the predominant vanadium phase (Fig. 4) , with VO 2 observed only in the case of V/C PPM 7%. The acidic nature of the V 2 O 5 phase combined with the presence of oxidized carbon sites should have a synergetic effect on the efficiency of the ORR.
Electrochemical Characterization
The results of the polarization curves provide graphs evaluating the possible materials that generate a great amount of hydrogen peroxide [60] [61] [62] as well as the tendency to follow the ORR through two-electron or four-electron pathways [19] [20] [21] [22] [23] .
The electrocatalytic activity of these V/C electrocatalysts is related to the production of H 2 O 2 from ORR [19] [20] [21] [22] [23] , which was evaluated using the RRDE technique. Figure 5 shows the polarization curves using combinations of V/C mass percentages of 1, 3, 5, 7, 10, and 13%; Vulcan XC 72R; and platinum (Pt/C E-TEK). The ORR using Pt/C E-TEK as an electrocatalyst showed the highest current for the reaction . a PPM and c SGM with the ring held at 0.2 V during the potential scan at the disc. b PPM and d SGM disc current at 1600 rpm (Fig. 5b, d) compared to the other materials tested; this material is well known as a reference for four-electron transference during ORR, with H 2 O electrogeneration [19] [20] [21] [22] [23] .
Taking into account Fig. 5a , the V/C nanostructures prepared by the PPM [29, 50] , i.e., V/C 3% and V/C 7%, presented high ring currents, particularly the V/C 7% electrocatalyst, which presented a current approximately five times greater than that associated with carbon for peroxide production.
In Fig. 5c , the vanadium-based electrocatalyst supported on V/C 3% prepared by the SGM [51, 52] presented a ring current (H 2 O 2 electrogeneration) seven times higher than that for the same process on Vulcan XC 72R.
The results presented in Fig. 5 show the behavior of the V/C electrocatalysts in regard to the ORR, which was either equal to or better than that of Vulcan XC 72R H 2 O 2 electrogeneration. V/C PPM 7% and V/C SGM 3% exhibit the highest percentages of H 2 O 2 electrogeneration.
The results of the polarization curve for all materials shown in Fig. 5 were also analyzed with the Koutecky-Levich plot in Fig. 6a, b . It is possible to observe that the slope of the straight lines concerning ORR for V/C materials prepared by both the PPM and SGM was similar to that of carbon, which is a reference material for H 2 O 2 production by two electrons from ORR, different from the result observed for the Pt/C E-TEK, which is the reference material for the production of H 2 O via four electrons [23, 30, 61] .
These plots are the result of the Koutecky-Levich (K-L) equation (Eq. (3)) [23, 30, 60] described below, which explains the observed slopes in Fig. 6 , and the results of these inclinations are described in Table 1 :
where i k is the kinetic current, i dl is the diffusional current, n is the number of electrons transferred in the ORR, F is the Faraday constant, A is the geometric area of the disc electrode, C O 2 is the concentration of dissolved oxygen in the electrolyte, oxygen D O 2 is the diffusion coefficient, ν is the kinematic viscosity of the electrolyte, ω is the electrode rotational rate, and k is a constant for ORR. In Table 1 , the value obtained for Vulcan XC 72R was 106. Similar values were presented by V/C produced by the PPM and SGM, which showed slopes of 98 and 126, respectively. For the V/C PPM 7% electrocatalyst, this value was 110, whereas for the V/C SGM 3% electrocatalyst, the value was 101. These values are similar to those measured for Vulcan XC 72R, which suggests a catalytic activity by two electrons in the ORR mechanism for both electrocatalysts. The Pt/C E-TEK presented a slope of 58. However, the vanadium percentage used in the PPM was two times higher than that used in the SGM. Thus, from an economic point of view, the V/C SGM 3% can be considered as more promising for the ORR in H 2 O 2 electrogeneration among the tested materials. We suggest that these results can be associated with the species formed on the Table 1 Inclinations obtained from the Koutecky-Levich plots in the V/C electrocatalysts prepared by the PPM and SGM. Pt/C E-TEK and Vulcan XC 72R were used for comparison PPM  51  106  101  108  98  110  102  126   SGM  100  101  98  100  101  98 carbon surface due to the anchoring vanadium [32, 46, 48, 49] and the consequent surface modification of the electrocatalyst, as previously observed in both the XRD results and XPS measurements.
Characterization by Contact Angle
The V/C PPM 7% and V/C SGM 3% materials subjected to the contact angle test for hydrophilicity evaluation show an alteration of the carbon surface with respect to wettability, with lower contact angle values than those obtained for Vulcan XC 72R. The average contact angle is calculated based on the angle of separation between the solid surface and the gas surface, which are separated by the substrate, in which case, the catalysts are water droplets, with both the left side and the right side of the droplet, as observed from the equipment [53] [54] [55] .
As the contact of the solid surface of the droplet has a total angle of 180°, the wettability is the difference between this angle (180°) and the measured angle based on the tangent (θ), as described in Eq. (7) Wettability ¼ 180−θ ð7Þ
The Vulcan XC 72R carbon had an average contact angle of 58.4°, which represents a 121.6°wettability. The V/C PPM 7% sample had an average contact angle of 19.9°, which represents a wettability of 160.12°, whereas the V/C SGM 3% sample had an average contact angle of 21.8°, which represents a 158.2°wettability. The wettability values for electrocatalysts were very similar, but they were higher than the values determined for the Vulcan XC 72R, indicating that the addition of the vanadium metal on the carbon support has changed its surface and that this is one factor that contributes to the adsorption of oxygen and its transformation into H 2 O 2 due to the increasing hydrophilicity of the surface.
Conclusions
Based on the results obtained for the vanadium-based nanostructured electrocatalysts supported on carbon, the V/C PPM 7% and V/C SGM 3% presented results significantly better than those obtained for pure Vulcan XC 72R carbon regarding the currents obtained for rotating ring-disc experiments toward peroxide electrogeneration.
The results obtained by X-ray diffraction showed the preferential formation of the V 2 O 5 phase for both preparation methods. V 2 O 5 has an acidic nature, favoring the formation of H 2 O 2 , due to the affinity for containing hydroxyl species. X-ray photoelectron spectroscopy (XPS) confirmed these results, showing the predominance of the V 2 O 5 phase and the presence of hydroxyl surface groups for samples with the highest catalytic activity and for the V/C SGM 3% catalyst, a highly oxidized carbon support, which favors the ORR. The TEM images suggest the formation of sub-microscopic V/C particles and amorphization of electrocatalysts, confirming the measurements in the diffraction patterns regarding the characteristics of the formed phases.
The contact angle measurements showed that the surface modification of carbon in the presence of vanadium can contribute to the increased catalytic activity of these electrocatalysts. The V/C PPM 7% and V/C SGM 3% electrocatalysts exhibited highly hydrophilic surfaces, with contact angles of 19.9°and 21.8°, respectively, which are significantly lower than the contact angle obtained for the pure Vulcan XC 72R support (58.4°).
The results showed that increasing the proportion of vanadium anchored to the carbon surface does not result in increased catalytic activity for the H 2 O 2 electrogeneration. Concerning the different methodologies for anchoring the vanadium on the carbon surface, the findings showed that different proportions of the metal supported on carbon provides similar results, mainly due to the different surface modifications of the carbon support. However, from an economic point of view, the V/C SGM 3% can be considered as more promising for the ORR in H 2 O 2 electrogeneration among the tested materials
